Catalytically functional flavocytochrome chimeras of P450 BM3 and nitric oxide synthase.
P450 BM3 and the nitric oxide synthases are related classes of flavocytochrome mono-oxygenase enzymes, containing NADPH-dependent FAD- and FMN-containing oxidoreductase modules fused to heme b-containing oxygenase domains. Domain-swap hybrids of these two multi-domain enzymes were created by genetic engineering of different segments of reductase and heme domains from neuronal nitric oxide synthase and P450 BM3, as a means of investigating the catalytic competence and substrate-binding properties of the fusions and the influence of tetrahydrpbiopterin and calmodulin binding regions on the electron transfer kinetics of the chimeras. Despite marked differences in hybrid stability and solubility, four catalytically functional chimeras were created that retained good reductase activity and which could be expressed successfully in Escherichia coli and purified. All of the BM3 reductase domain chimeras (chimeras I-III) exhibited inefficient flavin-to-heme inter-domain electron transfer, diminishing their oxygenase activity. However, the chimera containing the neuronal nitric oxide synthase reductase domain (chimera IV) showed good oxygenase domain activity, indicating that the flavin-to-heme electron transfer reaction is relatively efficient in this case. The data reinforce the importance of the nature of inter-domain linker constitution in multi-domain enzymes, and the difficulties posed in attempts to create chimeric enzymes with enhanced catalytic properties.